Figure 1. (a) Structure of a top-emitting organic LED (OLED); (b) cross section of a low-reflection top-emitting active-matrix OLED (AMOLED); (c) photos of (left) a conventional bottom-emitting AMOLED display and (right) a low-reflection top-emitting AMOLED display.
Continued on next page transport. Recently, we reported a high-contrast OLED structure that exploits the optical characteristics of the electrodes and anti-reflection coatings deposited outside the active region of devices alone, thus reducing the impact on electrical characteristics and device complexity (see Figure 1 ). 7 We have implemented this structure in top-emitting OLEDs. The devices produced offer better efficiency than conventional OLEDs laminated with polarizers, and are compatible with active-matrix backplanes (i.e., the thin-film transistor driving circuits). We also demonstrated active-matrix OLED (AMOLED) displays that incorporate these high-contrast top-emitting OLEDs and thus have improved readability in brightly lit environments.
With all previous contrast-enhancement approaches, incident photons have been simply absorbed and wasted. Moreover, a significant portion of the internal OLED emission fails to escape the device and is also wasted. This wasted energy can be recycled by placing a solar cell in the back of an OLED (see Figure  2 ) that can both reduce the reflection and provide useful electrical power. The portion of internal OLED emission that cannot emerge is also absorbed by the solar cell and converted. This feature is attractive for mobile electronics, which are typically limited by power usage considerations. With such energy recycling, the devices themselves would add a self-powering function as well as achieve higher system-level efficiency. Both attributes could contribute to longer battery lifetimes for mobile electronics.
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Recently, we reported integrating OLEDs and solar cells. The resulting structure not only exhibits a contrast superior to the conventional polarizer approach but also is capable of recycling both incident ambient illumination and internally-generated OLED emission (see Figure 3) . 8 Luminous ambient-light reflection as low as ∼1% (superior to that achieved with polarizers) can be achieved without compromising the electroluminescent efficiency for high-contrast display applications. By inserting the solar cell between the driving low-temperature polycrystallineSi (LTPS) thin-film transistor and the pixel OLED, we also demonstrate the energy-recycling pixel structure for AMOLED displays (see Figure 3) . 9 In summary, careful design of the optical structures and integration of solar cells allow us to construct OLEDs for highperformance display applications. These are high-contrast highaperture-ratio energy-recycling self-powering devices that are compatible with active-matrix backplanes.
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